During the 1950s and 1960s, tetracycline was one of the most used antibiotic in the world. Recently, the usage of tetracycline and its various derivatives have limited use in treatment of clinical infections because tetracycline resistance has appeared in manygroups of medically important bacteria1}. In our previous epidemiology study in Staphylococcus aureus from Indonesia during 1986 to 1993, we found that the isolation frequencies of tetracycline resistant strains amongclinical isolates was more than 60%and resistant to minocycline was 30%, and almost all methicillin-resistant S. aureus (MRSA) strains were resistant to minocycline and tetracycline2).
In contrast, Inoue, M. et al. reported, that among S. aureus isolated in 1986 and 1989 , were resistant to minocycline and tetracycline at frequencies of 2.6% and 6.5%, respectively3B acteria can become resistant to tetracycline by several approaches: limit the access of tetracycline to the ribosome by efflux: the ribosome may be altered to prevent the effective binding of tetracycline, or enzymes may be produced that inactivate tetracycline40. The tetracycline resistance (TCr) determinants in staphylococci were assigned to the classes K, L, M, and O. In S. aureus, TCr determinants of the classes K and M 1127 had been studied in detail. The tet(M) determinant is known to protect ribosomes from inhibitory effects of tetracycline, where as tet(K) and tet(L) determinants specify membrane-associated efflux systems. The tet(M) gene is chromosomally or plasmid borne, and its gene product mediates resistance to tetracycline and minocycline?'6). The tet(K) gene is in plasmid borne and mediates inducible resistance only to tetracycline but not to minocycline7'8). Blanchard, A. et al9 Roberts, M. C. et al. and Pang, Y. et al. have used the polymerase chain reaction (PCR) to determine tetracycline resistance genes in Gramnegative and -positive microorganisms9~1 1). The objective of this study was to define the pattern of tetracycline resistance determinant genes tet(K) and tet(M) in clinical isolates of S. aureus from Asian countries.
Materials and Methods
Bacterial Strains A total of 215 clinical isolates of S. aureus isolated in 1993 to 1995 from Asian countries were evaluated: 136 strains from Japan, 60 strains from Indonesia, 6 strains from China, 5 strains from Korea and 8 strains from
Thailand. Isolates were stored in 50% glycerol at -80°C. supernatant was placed in a new tube, and 1/9 volume 3 msodium acetate and 2.5 x vol of absolute alcohol were added. After standing for 30 minutes at -20°C, the DNA suspension was centrifuged for 10 minutes at 12,000 x g.
The supernatant was discarded and the DNApellet was added with 1 ml of 70% alcohol. After centrifuging for 5 minutes at 12,000xg, the alcohol solution was discarded and DNApellet was dried on a vacuum drier. Finally, the dry DNApellet was resuspended in 100/d of TE buffer. The DNAsolution was used directly for the PCRassay.
Polymerase Chain Reaction The PCRmixture consisted of 5/nl template DNA, combination primers as 0.8 //1/20//M (each) of Kl, K2 and 0.3nl/20"im (each) of Ml, M2, 10pi ofPCR buffer ( x 10), 8 fil dNTP, 0.5 lA Tagpolymerase (Takara Shuzo Co., Ltd. Kyoto, Japan), and 74.3 p\ distilled water. The PCR mixture was overlaid with mineral oil and processed in a DNAthermal cycler (Perkin-Elmer Cetus, Norwalk, Conn.). DNAamplification was carried out for 25 cycles in a final volume of 100 pi\ of reaction mixture as follows: Restriction enzyme Alu I, Nde I, and Hinfl were used to determine the specificity of tet{K) and tet(M) amplified DNA. The restriction enzymewaspurchased from Takara Shuzo Co., Ltd. Kyoto, Japan. A mixture consisting of amplified DNA,L or H buffer lOx (Takara Shuzo Co., Ltd. Kyoto, Japan) and restriction enzyme were incubated at 37°C for 120 minutes, then incubated at 65°C for 1 minute, followed by agarose gel electrophoresis using MethaPhor Agarose 3%(FMC BioProduct, Rockland, U.S.A.).
Results
Evaluation of Primers With either tet(K) from S. aureus KU1896and tet(M) from S. aureus KU2038as template DNA,the primers K1-K2 should generate a 168 bp PCR product, while the primer pair M1-M2should generate a 406bp fragment.
Two DNAfragments of 168 bp and 405 bp were amplified in mixture template DNAfrom both control strains by combination primers Kl and K2, or Ml and M2. As PCRproduct.
In addition, the specificity of amplified product tet(K) was evaluated after digestion with the restriction enzyme Alu I, generating two DNAfragments (80bp, 89bp).
And the specificity of amplified product tet(M) was evaluated after digestion with the restriction enzyme Nde I and Hinf l, generating two DNAfragments (129bp, 277bp) and (257bp, 149bp), respectively (data not shown). To evaluate the specificity of tet(K) and tet(M) genes, we also hybridized the DNAbacteria with tet (K) and tet(M) PCR product digoxiginin-labeled probes. The tetQL) DNAtemplate hybridized only with the tet(K)
PCR product digoxiginin-labeled probes, while the tet(M) DNAtemplate hybridized only with the tet(M) PCR product digoxiginin-labeled probes. One tetracycline susceptible control strain which failed to give PCR product, did not hybridize with the digoxiginin-labeled probes (Fig. 2) .
Correlation between Presence of Resistance
Genes and MICs of Tetracycline and Minocycline in S. aureus The correlation between tetracycline or minocycline resistance of S. aureus clinical isolates and the presence of tet(K) or tet(M) gene is shown in Fig. 3 . The MICs of tetracycline and minocycline against S. aureus strains harboring the different tet genes, alone or in combinations, were determined. None of thirty-five strains of S. aureus with MICs of tetracycline 0.39jug/ml and minocycline 0.05/ig/ml were amplified for tet(K) or MIC for tetracycline 12.5 jug/ml. The MICs of tetracycline and minocycline for seventy-seven S. aureus strains harboring only tet(M) were^25/xg/ml and^1.56/^g/ ml, respectively. But one strain is harboring tet{M) has MIC for tetracycline 12.5 //g/ml. And of ninety-seven strains harboring tet(M), 19 strains of tetracycline and minocycline resistant S. aureus had two genes tet(M) and tet(K). There was a two to four fold difference in MICs minocycline from Japan and all strains from Korea harbored only tet(M) gene (Fig. 4) .
Discussion
The PCRassay has recently been used to detect tetracycline-resistant genes, such as, tet(M) by Blanchard, A. et al in 19929) , tet(M) and tet(O) by Roberts, M. C. et al in 19931O) , and tet(K) and tet(L) by Pang, Y. et al in 199411}. In this study, a combination specific primers were designed for detection of tet(K) and tetQsA) determinants from S. aureus in a single reaction. The specific pair of primers (K1-K2) worked only for tetQL) determinant and the specific pair of primers (M1-M2) worked only for tet(M) determinant. These combination primers gave an appropriate PCRproduct with tei(M) determinant, as well as, 215 different clinical isolates of S. aureus examined. Wefound these primers gave a high specificity to detect tet(K) and tet(M) genes in S. aureus.
In addition, the specificity of these PCR amplified product has been determined by using restriction endonuclease analysis and DNA-DNA hybridization with digoxigenin-labeled probes.
There was an excellent correlation between the resistant phenotypes of the strains studied, as determined by MICs, and the genotypes inferred from PCR experiments using this combination of specific primers. Strains harboring tet(K) were resistant to tetracycline and susceptible to minocycline and S. aureus strains harboring tet(M) were resistant to both antibiotics. There was a high MIC of tetracycline against S. aureus harboring both tet(M) and tet(K). They were increased two to four fold in strains harboring both resistant determinant. This observation was similar to the result of a previous investigation, which indicated that the two genes contribute in an additive fashion, to the degree of resistance to tetracycline14). The reasons for this differential gene expression depending upon the bacterial host still remains unknown.The use of specific primers allowed the differentiation of two genotypes tet(M) or tet(K) and tet(M), among S. aureus strains. Study of the prevalence of tetracycline resistant determinants in S.
aureus indicated that tet(K) and tet(M) were wide spread and that tet(L) and tet(O) were rare10). Further study could be done on these primers for detecting other 1131 tetracycline-resistant determinants in different species bacteria.
In studying clinical isolates of S. aureus resistant to minocycline and tetracycline from various countries in Asia, we found that strains from Indonesia, China and Thailand carried both tet(K) and tet(M) predominated, while strains from Japan and Korean carried only tet(M) gene. The reasons of this phenomenonis unknown, but a different coagulase-typing between these two groups could be studied muchfurther. From the epidemilogy study of coagulase typing of S. aureus, we found that predominant clinical isolates of S. aureus from Japan were coagulase-type II and VII, and clinical isolates of S. aureus from Korea were coagulase-type III and VII. But in contrast, clinical isolates of S. aureus from Indonesia2*, China and Thailand were coagulase-type IV (unpublished data). The approach using combination primers tet(K) and tet(M) in PCRassay provides a useful for epidemiology study to trace strains harboring tetracycline-resistant determinant in the future.
